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In many applications of soft matter, the connection between structure and performance is complex, and 
conventional structure measurements are not sufficient to provide a predictive structural model. Nanoscale 
variations in molecular orientation and composition, particularly in amorphous regions, are thought to be critical, 
but few techniques can probe them. I will describe our approach to polarized resonant soft X-ray scattering (P-
RSoXS), which combines principles of soft X-ray spectroscopy, small-angle scattering, real-space imaging, and 
molecular simulation to produce a molecular scale structure measurement for soft materials and complex fluids. 
Progress and designs for a new P-RSoXS measurement station we are building at NIST beamlines at the 
National Synchrotron Light Source II will be shown.  
 
Results from model systems including commodity 
plastics and nanocomposites will be discussed. An 
emphasis will be placed on connections between P-
RSoXS and small angle neutron scattering (SANS), 
including different contrast approaches, different 
experimental considerations, and unique measurement 
capabilities of each technique.  
 
Our nanocomposite work involves polymer grafted 
nanoparticles as a critical model system. Polystyrene 
chains chemically grafted to gold nanoparticles make an 
important model system for printed dielectrics and a 
platform to study the fundamentals of grafted chain 
behavior. P-RSoXS measurements show a significant 
polarization dependence at energies near ≈ 285 eV, 
which is the energy of the polystyrene aromatic ring 
1s→pi* resonance. Forward simulation shows that the 
ring planes must orient preferentially “face on” with 
respect to the particle surface. This behavior is 
consistent with the low graft density and the expected 
behavior of pi electron-rich ring structures at noble metal 
surfaces. Some simulations showing bounds on the 
spatial extent of orientation will be shown. These results 
emphasize the new frontiers of characterization enabled 
by P-RSoXS in characterizing nanoscale chemistry and 
molecular orientation behaviors in composite materials.  
 
 
Figure 1 - Polarization at resonant conditions 
enables sensitivity to nanoscale orientation 
